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This paper reports three experiments that aimed to validate the use of state – dependent learning 22 
(SDL) as a novel welfare assessment tool to evaluate the hunger state of feed restricted broiler 23 
breeders. 24 
   In each experiment, birds alternated every two days between two food rations: quantitative feed 25 
restriction (QFR) and ad libitum access to the same feed (AL). Each food ration was paired with a 26 
different, end of day, coloured food reward. It was predicted that the reward associated with hunger 27 
(QFR FR) would be preferred to the food reward associated with AL (AL FR) in a subsequent choice 28 
test.  The SDL preference testing took place after 4 and 8 days of training. Each bird was tested twice 29 
(once per food ration fed on the test day).  30 
 In experiment 1 (pilot, n = 4), birds preferred the QFR – associated reward during both tests (mean (± 31 
S.E.M.) preference: QFR FR: 35.0 (± 3.5) g; AL FR: 2 (± 1.3) g, but differential food reward intake 32 
between hunger states during training confounded the results. 33 
 In experiment 2 (n = 12) a smaller food reward was used during training to try and equalise intake. 34 
The birds preferred the QFR FR in test one only (least significant difference (L.S.D.) = 15.08, P < 35 
0.05).  The mean (± S.E.M.) consumption in test one was: QFR FR: 31.6 (± 4.3) g; AL FR: 9.41 (± 36 
2.3) g. However, differential reward intake continued to confound the findings.  37 
In experiment 3 (n = 8), the food reward was made more palatable by feeding moist and food reward 38 
intake during training was equalised between hunger states. During testing, birds continued to show a 39 
significant preference in test one only (L.S.D. = 13.73, P < 0.05). 40 
    It was concluded that SDL – derived preferences observed do exist but are not a robust 41 
phenomenon. Therefore, further research is needed to quantify factors influencing SDL development 42 
and maintenance before using SDL as a tool to assess hunger in feed restricted broiler breeders. 43 
 44 
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1. Introduction 49 
   State – dependent learning (SDL) is the phenomenon in which an animal shows a preference for 50 
something based on the context in which it originally encountered it. An animal that experiences a 51 
stimulus linked to a food reward when in a state of high deprivation and another stimulus linked to an 52 
identical food reward when in a state of low deprivation will often show a preference for the stimulus 53 
associated with a state of high deprivation (Pompilio and Kacelnik, 2005). Furthermore, this 54 
preference has been shown to be independent of the animal’s current state at the time of the two – way 55 
preference testing (e.g. Kacelnick and Marsh, 2002; Kurtz and Jarka, 1968). A state of high 56 
deprivation can be induced external to the training situation by food restriction (Vasconcelos and 57 
Urcuioli, 2008; Pompilio et al., 2006; Capaldi et al., 1994;  Kurtz and Jarka, 1968; Revusky, 1967), by 58 
making the animal work hard to access the food reward within the training situation (Gipson et al., 59 
2009; Friedrich and Zentall, 2004; Kacelnick and Marsh, 2002; Clement et al., 2000) or by making 60 
the animal wait longer to access the reward (Pompilio and Kacelnik, 2005).  61 
   These seemingly irrational preferences are thought to occur because the animal values the same 62 
reward differently dependent on its value to the animal at the time that it originally encountered it 63 
(Pompilio and Kacelnik, 2005). This may occur due to the increased contrast between hedonic states 64 
before and after receiving the food reward in a state of high deprivation during training relative to that 65 
experienced when in a state of low deprivation (Clement et al., 2000) and / or due to a perceptual 66 
distortion (Pompilio et al., 2006). It has been observed in a wide range of species (fish, Aw et al., 67 
2009; locusts, Pompilio et al., 2006; pigeons, Gipson et al., 2009;  Friedrich et al., 2004; rats, Capaldi 68 
et al., 1994; Capaldi et al., 1991; Kurtz and Jarka, 1968; and starlings, Pompilio and Kacelnik, 2005; 69 
Marsh et al., 2004) indicating that it is a robust phenomenon. This has led researchers to conclude that 70 
it must be evolutionarily beneficial or rational in the natural environment (Pompilio et al., 2006) 71 
despite this leading to irrational preferences in the laboratory setting. 72 
   The phenomenon of preferences caused by SDL has not thus far been applied to animal welfare 73 
assessment. It is proposed here to assess the use of SDL as a novel welfare assessment tool to evaluate 74 
hunger state in the feed restricted broiler breeder.  Quantitative feed restriction is a widely recognised 75 
welfare problem for fast – growing broiler breeders (de Jong et al., 2003). Experimentally researchers 76 
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have tried to improve welfare by adjusting the quality of the diet by either reducing the energy 77 
density, adding appetite suppressants or by a combination of both approaches (e.g. Nielsen et al., 78 
2011; Sandilands et al., 2006, 2005; Hocking et al., 2004; Nielsen et al., 2003; Savory and Lariviere, 79 
2000; Rozenboim et al., 1999). However, whilst these are successful at increasing time taken to 80 
consume the ration, it is not clear whether these diets achieve this by improving satiety (a positive 81 
affective state) in the broiler breeder (D’Eath et al., 2009). Direct choice test methodologies in which 82 
the broiler breeder chooses between either qualitative or quantitative feed restriction have so far not 83 
proved successful (Buckley et al., 2011a). Whilst this may be because hungry birds find it more 84 
difficult to learn food quality discrimination tasks (Buckley et al., 2011b) it is possible that some other 85 
factor affected the lack of preference. Further, choice tests may not actually be measuring preferences 86 
determined by altered states of satiety. Thus, there is a need for alternative approaches to identify 87 
which, if any, of these alternative diets is more satiating than conventional quantitative restriction.  88 
The aim of this series of three related experiments was to identify whether the phenomenon of SDL 89 
could be reproduced in broiler breeders that alternated between two feeding levels designed to induce 90 
a state of high deprivation (quantitatively feed restricted, QFR) or of low deprivation (fed ad libitum, 91 
AL). It was hypothesised that there would be an effect of hunger state on bird preference for an end of 92 
day, coloured, food reward associated with either high deprivation (very hungry) or low deprivation 93 
(close to satiety). It was predicted that the birds would show state dependent learning and learn to 94 
prefer the food reward associated with being in a state of high deprivation over one associated with 95 
being in a state of low deprivation. Furthermore, it was predicted that this preference would be 96 
independent of current state of deprivation (i.e. the preference would be the same, regardless of 97 
whether the bird was very hungry or almost satiated at the time of testing). The ultimate purpose was 98 
to validate a methodology that could be used as a ‘probe of hunger state’ to compare the relative states 99 
of deprivation induced by QFR and other alternative diets such as qualitative dietary restriction. Data 100 
from the pilot study (experiment one) is included as it informs the rest of the study. Differences in 101 
housing arrangements between experiments two and three reflect practical facility considerations 102 
resulting from a change of research institute. 103 
2.1. Methodology 104 
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2.1.1. Subjects 105 
   This study used four broilers (as a more readily available model for broiler breeders) aged 28 days. 106 
All four birds followed the same dietary treatment and acted as their own control. 107 
    Prior to the study the birds had been group reared on a 14:10 h light: dark schedule (day 1 – 28) and 108 
spot-brooded (day 1: 31˚C, reduced gradually to 21˚C on day 21 and then maintained at this 109 
temperature thereafter). The birds were fed a commercial starter chick crumb (Farmgate, BOCM 110 
Pauls Ltd., Ipswich, Suffolk, UK) ad libitum from 1 – 14 days and thereafter feed restricted in line 111 
with the recommended daily feed requirements for broiler breeders (Aviagen, 2007). The mean (± 112 
s.d.) bodyweight of the birds at the beginning of the study at 28 days of age was 551 (± 92)g which 113 
was approximately 20% heavier than the target bodyweight for broiler breeders at 28 days (440g). 114 
They had no previous experimental history. 115 
2.1.2. Housing and husbandry 116 
   Each bird was individually housed in a floor pen (1.05m × 0.45m) with visual access to one other 117 
conspecific through a mesh divider. A solid barrier by the feeding area prevented each bird from 118 
seeing what food the other bird was eating. Each pen contained wood shavings and a perch. Birds 119 
were fed once daily at 09:00h and any food remaining was removed at 16:00h, weighed and the birds’ 120 
daily feed intake recorded. Water was available ad libitum. Birds were maintained on a 9:15h light : 121 
dark schedule and a room temperature of 21 - 23˚C throughout the study. 122 
   Each bird alternated every other day between being fed a quantity of feed equivalent to commercial 123 
feed restriction (QFR) and ad libitum (AL) access to the same diet between 09:00 – 16:00h. Half the 124 
birds started this feeding regime on QFR and half the birds on AL. This schedule was maintained 125 
throughout the study, from day 28 until day 65 with the exception of the two days of SDL preference 126 
testing and the washout day (described below). 127 
2.1.3. Food and nutrition 128 
   The main diet was a custom – made grower mash (Target Feeds, Whitchurch, Shropshire, UK) 129 
suitable for broiler breeders from 28 days of age. The diet contained 165 g/kg crude protein and had a 130 
metabolisable energy (ME) of 12.1MJ / kg feed.  131 
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   The food rewards were comprised of the commercial starter chick crumb that the birds were initially 132 
reared on (Farmgate, BOCM Pauls Ltd., Ipswich, Suffolk, UK). This diet was used as it had a higher 133 
protein and energy density than the grower mash and was expected to be attractive to the birds 134 
irrespective of their level of deprivation. The reward diet was either stained red or green using food 135 
colouring (Silverspoon, Cambridgeshire, UK). The food rewards were stained by mixing 10 ml of 136 
food colouring diluted with 20 ml of water with each 100 g of feed. The feed was then dried to a 137 
similar consistency as the original feed by drying in a warm oven (40˚C) for approximately 60 138 
minutes.  139 
2.1.4. SDL protocol 140 
2.1.4.1. Training 141 
   Training started when the birds were 47 days old. The birds had any feed remaining removed at 142 
16:00h (in practice this was only the birds being fed AL). All birds then received a 15 g food reward 143 
that was either stained red or green. Half the birds received the red reward on days when they had 144 
been fed QFR and the green reward on days when they had been fed AL (and the remaining birds vice 145 
versa). Birds were given 2h to consume the ration. Any ration left was weighed, discarded and each 146 
bird’s intake recorded. 147 
2.1.4.2. Testing 148 
   After eight days of training (i.e. four days per food reward: food ration pairing) birds were tested on 149 
day 55 for the presence of a SDL preference. Birds were fed the same food ration that they had 150 
received on day 54 on the day of testing. Birds were then given a ‘washout’ day in which they 151 
received no food reward and received the food ration that they did not receive on day 55. Birds were 152 
then given another either eight days of training (during which they alternated every two days between 153 
the two food rations, starting with the diet ration they did not receive on the first day of training) and 154 
then tested again on day 65. Thus, each bird was tested twice for the presence of a SDL preference: 155 
once on a day when they had been fed QFR and once on a day when they had been fed AL. The order 156 
of testing and diet colour associated with QFR was counterbalanced between birds with half tested 157 
first on a QFR day and then on an AL day and the other half in the reverse order.  158 
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   Testing took place within the home pen between 16:00h – 16:30h. Each bird was offered a bowl of 159 
red food reward (70 g) and a bowl of green food reward (70 g) and allowed free access to each bowl 160 
for three minutes. After three minutes the bowls were removed, the contents weighed and the intake 161 
of each was recorded. 162 
2.1.5. Statistical analysis 163 
   The sample size was too small for meaningful statistical analysis. Therefore, the results are 164 
presented using descriptive statistics only. 165 
2.1.6. Ethical note 166 
   This study (and experiment two) were carried out under Home Office license and were approved by 167 
SRUC and the Roslin Institute’s animal ethics committees. Experiment three was approved by the 168 
Harper Adams University College ethics committee and was not carried out under Home Office 169 
license but was approved by the local Home Office inspector. Although individually housed, the birds 170 
either had visual access to another bird (experiment one and three) or were pair housed overnight 171 
(experiment two). The project license did not permit complete social isolation of the birds. The space 172 
allowance exceeded the Home Office minimum guidelines. The birds were provided with a perch 173 
(experiment one and two) and some wood shavings to facilitate natural behaviours (all experiments). 174 
Water was available ad libitum for all experiments. The alternating feed schedule ensured that the 175 
birds’ level of feed restriction was less than under commercial practice and no health problems were 176 
expected or observed as a consequence of adding the food colouring. The birds in experiments one 177 
and two were euthanased by barbiturate overdose and the birds in experiment three were re – homed 178 
at the end of the study. 179 
2.2. Results 180 
2.2.1. Daily food consumption during training and testing 181 
   The birds always fully consumed the daily food ration when the ration provided was QFR. The 182 
mean (± standard error of the mean, S.E.M.) daily intake of QFR over the period of training and 183 
testing was 42.6  (± 1.2) g. The birds consumed considerably more on days when fed AL and 184 
consumed a mean (± S.E.M.) daily intake of 114.1 (±12.7) g over the same period. 185 
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2.2.2. Food reward consumption during SDL training 186 
   The birds always fully consumed the food reward (15 g/day) on days when they were fed the QFR 187 
ration. However, the birds failed to fully consume the food reward on the first three days when fed 188 
AL. Four birds failed to fully consume the food reward on day one, three birds on day two, and one 189 
bird on day three of AL – food reward training. All birds fully consumed the AL food reward on 190 
subsequent days. The mean (± S.E.M.) individual birds’ cumulative daily intake of each food reward 191 
by the first SDL test on day nine of training and testing was 60 (± 0) g for the QFR-associated food 192 
reward and 40.2 (± 6.7) g for the AL – associated food reward. The mean (± S.E.M.) individual birds’ 193 
cumulative intake of each food reward (including the food reward consumed during the first SDL test) 194 
by the start of the second SDL test was: QFR – associated food reward: 148.4 (± 3.0) g; AL – 195 
associated food reward: 101.5 (± 8.4) g. 196 
2.2.3. SDL preferences 197 
   All four birds showed a preference for the food reward associated with high deprivation (i.e. the 198 
colour food reward offered on days when the birds were fed QFR). The overall (across both tests) 199 
mean (± S.E.M.) consumption of the food reward was 2 (± 1.3) g for the AL associated food reward 200 
and 35 (± 3.5) g for the QFR associated food reward. This preference was very similar across both 201 
tests (see: figure 1) which indicated that the birds’ state of deprivation at the time of testing and the 202 
test number did not influence the direction of the preference. 203 
FIGURE 1 GOES HERE 204 
2.2.4. Effect of state on food consumption during each test 205 
   The mean (±S.E.M.) intake of the birds was 32 (± 5.4) g when tested on a day when they were fed 206 
AL and 42.1 (± 3.9) g when tested on a day when they were fed QFR.  207 
2.2.5. Anecdotal observations 208 
   Although this was not formally measured, it was observed that, during testing, consumption of the 209 
food reward (both colours) were accompanied by exaggerated gaping of the beak and pronounced 210 
‘neck ripples’ during swallowing. 211 
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2.3. Discussion 212 
   Although the sample size was small, the experiment appeared to have validated the use of SDL 213 
approaches in hungry broilers, using QFR and AL to induce high and low deprivation states. 214 
However, the fact that the birds failed to fully consume the food reward associated with low 215 
deprivation (fed AL on that day) during the initial stages of training represented a confounding factor.  216 
It could not be certain whether the apparent preference was genuinely due to the birds valuing each 217 
food reward differently, dependent on their state of deprivation at the time of encountering the food 218 
reward, or due to the differential quantities consumed affecting associative strength or preference in 219 
some way. Therefore, although SDL appeared to have potential, further experiments were needed to 220 
ensure that all the food reward was consumed under both states of deprivation in order to have 221 
confidence in the meaning of any SDL preference observed. Feed intake during the test also appeared 222 
to be affected by the state of deprivation at the time of testing. However, the individual bird data 223 
suggested that there was overlap between the intake of the birds tested under conditions of high and 224 
low deprivation. Therefore, for this parameter is to be assessed appropriately a longer test time was 225 
required. 226 
3. SDL Experiment two 227 
3.1. Introduction 228 
   The aim of experiment two was to repeat experiment one using a larger sample size and to remove 229 
the confounding variable by equalising intake of the food reward during training with each food 230 
ration.  A longer testing period was also included to try and improve any difference in food reward 231 
intake during testing between birds on different diet ration treatments (QFR or AL) on the test days. 232 
3.2. Methodology 233 
3.2.1. Subjects 234 
   Twelve Ross 308 broilers (as a model for broiler breeders) were used for this study. These birds had 235 
been previously used in a related behaviour study (Buckley et al., 2012) and the housing arrangements 236 
and experimental regime are described more fully there. These birds were admitted to this study aged 237 
69 days. Only birds that had been on the QFR/AL feeding regime in this previous study were included 238 
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in the methodology/data reported here. The mean (± SD) body weight of the birds at the start of this 239 
experiment was: 1992 (± 149) g. 240 
3.2.2. Housing and husbandry 241 
   The birds experienced the same lighting and temperature regime as in experiment one. During the 242 
day they were housed in similar pens with the exception that they had no visual access to another bird 243 
(due to the constraints of the previous experiment). Instead, they were pair – housed overnight with a 244 
bird from the same treatment group. Water was provided ad libitum throughout the study; although 245 
problems with water delivery during the second SDL training period meant that the birds were 246 
occasionally without water for short periods of time (1 – 2 hours day) for approximately three of the 247 
training days. 248 
Each bird alternated every other day between QFR and AL (between 09:00 – 15:00h). Any food 249 
remaining at 15:00h was removed, weighed and the birds’ intake recorded. In practice, this only 250 
applied to birds being fed AL. This schedule was maintained throughout the study with the exception 251 
of the two days of SDL preference testing and the washout day (described below). 252 
3.2.3. Food and nutrition 253 
   The basal diet was identical to that described in experiment one. The red and green food rewards 254 
were the same as those described in experiment one. 255 
3.2.4. SDL protocol 256 
3.2.4.1. Training 257 
   The training phase was identical to that described in experiment one with the following exceptions. 258 
The birds were given 10 g of food reward (instead of 15 g). They were offered this reward at 15:00h 259 
and given three hours to consume it.  260 
3.2.4.2. Testing 261 
   The testing phase was identical to that described in experiment one with the following exceptions. 262 
The birds were given 100 g (instead of 70 g) of each of the different coloured food rewards, the test 263 
lasted five minutes per bird (instead of three minutes) and testing took place between 15:00 – 18:00h.  264 
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3.2.5. Statistical analysis 265 
   All statistical analyses were carried out using Genstat 15th Edition (VSN International, Hemel 266 
Hempstead, UK). A repeated measures REML (un-equally spaced time points, unstructured model) 267 
was used to assess the following fixed effects: total intake (QFR + AL food reward); diet feed on day 268 
of testing; effects of state; colour of the food associated with QFR. The response variate was food 269 
reward consumption (g). Bird ID was the random effect. Four time points were created: test one (QFR 270 
food reward intake, QFR FR), test one (AL food reward intake, AL FR), test two (QFR FR) and test 271 
two (AL FR). Significant differences in consumption of the food rewards associated with QFR or AL 272 
were identified post – hoc using least significant differences (L.S.D.) at the 5% level. L.S.D.s were 273 
generated by REML. Untransformed data was used for all repeated measures REMLs as the residuals 274 
appeared normally distributed.  275 
3.3. Results 276 
3.3.1. Daily food consumption during the period of SDL training and testing 277 
   All birds fully consumed the daily allocation of feed when QFR was the offered food ration. The 278 
mean (± S.E.M.) daily intake on QFR days was: 64.8 (± 0.5) g. 279 
   As expected, on days when the birds were offered ad libitum access they consumed considerably 280 
more food. The mean (± S.E.M.) daily intake on days when birds were fed AL over the duration of the 281 
period of training and testing was 210.6 (± 5.6) g. 282 
3.3.2. Food reward consumed on days of SDL training 283 
   All birds consumed the full food reward on all days when fed QFR (10 g /day). However, all of the 284 
birds failed to fully consume the food reward associated with AL on the first two days of training.  285 
   The mean (± S.E.M.) cumulative intake (over four days per food reward) by each individual bird of 286 
the food reward associated with QFR by the start of the first SDL test was 40 (± 0.0) g and for the 287 
food reward associated with AL it was 33.8 (± 1.7) g. By the start of the second test (eight training 288 
days per food reward plus the quantity consumed during the first test) the mean (±S.E.M.) cumulative 289 
intake (including food reward consumed during the first SDL test was 111.6 (± 4.5) g; QFR – 290 
associated reward) and 83.2 (± 1.4) g; AL – associated food reward).  291 
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3.3.3. SDL preference test 292 
  The initial analysis indicated that food reward consumption was affected either by test number or 293 
what food (QFR or AL) the food rewards were associated with (F3,30 = 3.39, P = 0.031).  Post – hoc 294 
analysis using least significant differences at the 5% level indicated that this significant effect was due 295 
to birds consumed significantly more of the QFR associated food reward than the AL associated food 296 
reward during test one (L.S.D = 15.08, P < 0.05)  but not in test two (see figure 2). No other 297 
significant effects were observed. In test one, eleven out of twelve birds consumed more QFR food 298 
reward than AL food reward. The remaining birds consumed more AL food reward than QFR food 299 
reward in test one. 300 
FIGURE 2 GOES HERE 301 
3.3.4. Total quantity of food consumed in each test 302 
      There was a significant effect of diet fed on day of testing on combined (total) consumption of the 303 
food reward during testing (F1,10 = 9.50, P = 0.012), with hungry birds (QFR fed) consuming more 304 
(mean ± S.E.M.) food reward during the five minute test period  (44.3 ± 4.2g) than satiated (AL fed) 305 
birds (35.0 ± 3.7g).  306 
3.3.5. Anecdotal observations 307 
   As in the pilot study, it was observed that the birds demonstrated exaggerated gaping behaviour and 308 
neck ripples during swallowing whilst consuming the food reward. 309 
3.4. Discussion 310 
   The birds showed a SDL preference in test one but not in test two. This finding was problematic to 311 
interpret; however, the continued confounding variable of unequal intake of food rewards paired with 312 
the diet options was a bigger issue. Therefore, it was necessary to conduct a third experiment to try 313 
and equalise intake of food rewards during training before SDL testing was conducted. 314 
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4. SDL Experiment 3 315 
4.1.  Introduction 316 
The aim of this experiment was to equalise intake of the food reward during training (by making the 317 
food rewards more palatable) in order to identify if a SDL would remain once birds had had equal 318 
dietary exposure to each coloured food reward. The time taken to consume the food reward during the 319 
SDL tests was reduced to 3 minutes (as in experiment one) in case this had in some way influenced 320 
lack of SDL preference in test two (e.g. binge eating has been associated with a subsequent aversion 321 
to the food binged upon, Hertel and Eikelboom, 2010).  322 
4.2. Materials and methods 323 
4.2.1. Subjects 324 
   This study used 8 Ross 308 broiler breeders obtained as day old chicks from a commercial hatchery 325 
(Aviagen, Stratford – upon – Avon, UK). They were group reared and spot – brooded according to 326 
producer recommendations for heating and temperature (Aviagen 2006).  The mean (± S.E.M.) 327 
bodyweight of the birds was 500 (± 30) g on day 29 (start of alternating between daily diet options) 328 
and 2319 (± 24) g on day 67 (end of study). 329 
4.2.2. Housing and husbandry 330 
   From day 29 birds were individually housed in mesh cages (0.6m L × 0.6m W × 0.8m H) in blocks 331 
of four cages (two cages back – to – back) with each adjacent cage housing a conspecific. The cage 332 
floor was covered with a wooden tray filled with shavings to facilitate some natural behaviour. Water 333 
was available ad libitum and each bird was fed from a D – cup feeder located at the outermost corner 334 
of the cage. This was done to ensure that, whilst the other birds could see that a bird was feeding, they 335 
could not see what was being consumed, as this was essential to the study once the coloured food 336 
rewards were introduced. Facility housing and ethical / legal considerations (this final experiment was 337 
carried out at a different establishment and not under Home Office regulation) prevented the birds 338 
from being further separated either temporally or visually. Birds were weighed weekly throughout the 339 
experimental phase. 340 
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4.2.3. Food and nutrition 341 
   All birds were fed at 09:00h and alternated every two days between QFR and AL (ad libitum access 342 
to food between 09:00h and 17:00h (days 29 – 48) or 09:00-14:30h (day 49 onwards). Any food 343 
remaining at 17:00h (14:30h from day 49) was removed, weighed and intake recorded. 344 
   The basal diets consumed by all the birds was designed to meet the nutritional requirements of 345 
broiler breeders during the starter (day 1 – 35) and grower (day 36 onwards) phases (Target Feeds, 346 
Shropshire, UK). The starter mash contained 221 g CP / kg and 12.6 MJ ME / kg and the grower mash 347 
contained 211 g CP / kg and 13.2 MJ ME / kg.  348 
   The food rewards used in the SDL phase were 15 g of basal ration stained either red or green using 349 
food colouring (Silverspoon, Cambridgeshire, UK) in a mix of one part food colouring to two parts 350 
water. To each 15 g portion of the basal diet was added 2.25 ml of the mixture. Diets were fed moist 351 
and not dried in a warm oven prior to use (unlike in the previous experiments) as water is reported to 352 
improve diet palatability (Moritz et al., 2001).  353 
4.2.4. SDL protocol 354 
   SDL training and testing started on day 49 and finished on day 68. The SDL protocol was similar to 355 
the previous two experiments with the following exceptions. On SDL training days any food 356 
remaining was removed at 14:30h and replaced with a food reward. On the two test days, all birds 357 
were tested between 14:30 – 16:30h. 358 
   Each SDL test lasted for three minutes. The birds were offered 70 g each of the red and green food 359 
rewards and the test and data collection was conducted as previously described for experiments one 360 
and two. 361 
4.2.5. Statistical analysis 362 
   All statistical analyses were carried out using a repeated measures REML as detailed in experiment 363 
two. 364 
4.3. Results 365 
4.3.1. Daily food consumption during SDL training and testing 366 
   All birds always consumed the full ration of QFR on all of the days that it was offered. To allow for 367 
growth over the course of the experiment, the quantity offered was increased in 2 g increments over 368 
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the period of training and testing (from 43 – 49 g/day).  The birds consumed considerably more feed 369 
on days that they were fed ad libitum. The mean daily quantity (± S.E.M.) consumed on AL days over 370 
the duration of training and testing was 156.2 (± 5.4) g. 371 
4.3.2. Food reward consumption on days of SDL training 372 
   In contrast to experiments one and two, all birds consumed the full food reward offered on each day 373 
of SDL training (irrespective of either treatment or diet option fed that day).  374 
4.3.3. SDL preference test  375 
The initial analysis indicated that food reward consumption was affected by either test or food reward 376 
type (F3,2 = 25.55, P = 0.038). No other effects were significant. Post – hoc analysis using least 377 
significant differences at the 5% level indicated that birds consumed more of the QFR associated food 378 
reward than the AL associated food reward during test one (L.S.D = 13.73, P < 0.05) but not in test 379 
two (see figure 3).  No other significant effects were observed. In test one, six out of eight birds 380 
consumed more QFR food reward than AL food reward. The remaining two birds consumed more AL 381 
food reward than QFR food reward in test one.  382 
FIGURE 3 GOES HERE 383 
4.3.4. Total quantity of food consumed during each test 384 
   The mean (S.E.M.) quantity of food reward consumed during testing was 22.4 (± 3.3)g when tested 385 
on the day the bird was fed QFR and 16.3 (± 2.5)g on the day the bird was fed AL. However, this was 386 
not statistically significant (F1,7 = 1.34, P = 0.285). 387 
4.3.5. Anecdotal observations 388 
   Unlike in the previous two experiments the birds did not show any unexpected feeding behaviours 389 
such as exaggerated gaping or neck ripples. 390 
5. Overall discussion 391 
5.1. Study findings 392 
   The lack of SDL preference observed in test two of experiment two and three (but observed in test 393 
one) indicated that SDL preferences are not as robust a phenomenon as previously considered. 394 
Further, differential food reward consumption during training of the food rewards associated with AL 395 
and QFR were not essential to the development of SDL preferences as SDL preferences were still 396 
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observed when intake was equalised during training. Campbell et al. (1987) found a SDL preference 397 
(albeit for the low deprivation reward) in rats in which intake of rewards was matched during training 398 
under different states of food restriction. Whereas, SDL preferences towards the solution that was 399 
consumed in a lower quantity during training have also been observed (Capaldi et al., 1983).This 400 
indicates that quantity consumed during training may not necessarily be the cause of any preference 401 
observed during testing. 402 
   The actual reward may affect the SDL preference as when intake during training is matched, rats 403 
develop a SDL preference for sucrose but not saccharin solutions (Capaldi et al., 1994).This suggests 404 
that where nutritious food rewards (such as the coloured starter crumb or mash used in the current 405 
studies) are used, a SDL preference may develop regardless of whether food reward intake is equal or 406 
unequal during training. The composition of the food reward has been found to affect rat preferences 407 
for a food reward associated with high deprivation. Rats showed an SDL preference when the food 408 
reward was unsweetened mash but no preference when the mash contained sweeteners (Capaldi et al., 409 
1991). Our study found that an SDL preference developed across two types of food reward (dry and 410 
moist). However, the nutritional profile of the food reward was similar and the food dyes identical 411 
across all experiments in our study.   412 
   The behaviour of the birds during testing in experiments one and two (exaggerated gaping and odd 413 
‘neck ripples’ during swallowing) suggested that consuming the food was not pleasant (although an 414 
alternative explanation could be the dryness of the food made the food harder to swallow). These were 415 
not observed when feeding the moist food reward in experiment three suggesting that birds developed 416 
an SDL regardless of food reward palatability. However, this requires further investigation as other 417 
dimensions differed between diets as well. Campbell et al. (1987) performed a series of experiments 418 
aimed at identifying whether food reward linked SDL preferences formed due to an aversion for the 419 
less preferred reward or an increased attraction to the preferred reward. They concluded that the 420 
conditioning phenomenon was caused, not by increased aversion to one of the flavour rewards, but by 421 
increased attraction to the other flavour reward. Although, it should be noted, that Campbell et al. 422 
(1987) did not use food rewards that were inherently unpleasant to consume whereas the behaviour of 423 
the birds in experiments one and two suggested that the food rewards were not particularly liked.  424 
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      The findings related to the total food reward intake during the test deserve further consideration.  425 
A significant difference in total food reward intake in birds tested on days when they have been fed 426 
QFR compared to days when they were fed AL was observed only in the second experiment. One 427 
interpretation would be that, despite the large difference in quantity of food consumed under each diet 428 
option, the birds were not sufficiently different in their hunger state at the point of testing in either 429 
experiment one and / or experiment three. However, in all three experiments, the mean intake of food 430 
reward was numerically lower on days when the bird was tested on a day when it was fed AL. 431 
Therefore, it is more reasonable to assume that the three minutes test period was simply not long 432 
enough for state – driven differences in intake to be observed even in older birds in which the contrast 433 
in feed intake between QFR and AL was more severe. Further, reducing the length of the test (from 434 
five minutes to three minutes) did not result in robust evidence of SDL derived preference being 435 
maintained into test two. Therefore, future studies should consider maintaining a five minute test 436 
period in order to maintain additional evidence of differences in hunger state between birds tested on 437 
QFR and AL days. This ensures validation of differential hunger state and motivational drive to 438 
consume food at the time of testing.     439 
5.2. Methodological issues 440 
      A number of issues are relevant to any discussion of methodology. These include sample size, 441 
number of trials, the use of coloured food rewards and the use of cues which were concurrent with the 442 
reward itself. The sample sizes (per treatment group) used in the current study were four (experiment 443 
one), twelve (experiment two) and eight (experiment three). Although experiment one was small (it 444 
was intended as a pilot), the sample sizes used in experiments two and three are similar to sample 445 
sizes that yielded significant results for other authors (e.g .n = 4, Vasconcelos and Urcuioli, 2008; n = 446 
6, Pompilio and Kacelnik, 2005; n = 8, Clement et al., 2000; n = 12, Kacelnik and Marsh, 2002; 447 
Friedrich and Zentall, 2004; Marsh et al., 2004) although less than others (e.g. n = 13, Aw et al., 2009; 448 
n = 16, Gipson et al., 2009). The number of stimulus / food reward – deprivation state pairings during 449 
training was four per state prior to the first test and eight by the second test in the our study. This is 450 
much less than the number of trials that it took for animals to learn to associate a distal cue with a 451 
food reward under two different states (e.g. 40 trials, Marsh et al., 2004; 120 trials, Vasconcelos and 452 
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Urcuioli, 2008). However, using a methodology in which the flavour of the food was the cue, Capaldi 453 
et al. (1983) observed a SDL after three flavour – deprivation pairings. This suggests that tasks where 454 
the cue is part of the food reward (such as a flavour) are easier to learn than cues that are more distal 455 
to the food reward.  Despite this, Zentall (2008) suggests that, where only a few training trials are 456 
conducted, SDL researchers are less likely to observe an SDL or to find that any association between 457 
state and reward is more easily reversed. Where more than one SDL preference test is carried out on 458 
the same animal, very few of the published papers on SDL preferences report whether any order 459 
effects were either tested for or identified. Where order effects were investigated, evidence was mixed 460 
with some studies reporting no effect (Aw et al., 2009; Capaldi, et al., 1991; but see: Capaldi, et al., 461 
1983). 462 
   The current experiments used identical food rewards stained different colours with food colouring. 463 
Chickens have good colour vision, and various studies have made use of their ability to recognise 464 
differently coloured foods (including contrasts between green and red substrates, e.g. Hothersall, et 465 
al., 2012; Rowe and Skelhorn 2005; Roper and Marples, 1997). Although chicks show innate 466 
preferences (or aversions) for food stained different colours (Roper and Marples, 1997), these 467 
preferences are modified where the outcome of feed consumption is rewarded (Kutlu and Forbes, 468 
1993). No significant preferences for colour or interactions with other effects were observed in this 469 
study suggesting that colour biases were not a problem.  470 
   Coloured food rewards were used to more closely link the stimulus that cued food reward with the 471 
act of consuming the food. Previous studies by the authors suggested that hungry broiler breeders 472 
found distal cues (e.g. Y – maze colour arms) to signify differences in food quality or quantity 473 
difficult to learn (Buckley et al., 2011a, 2011b). Further, maze methods such as those utilised by Aw 474 
et al. (2009), Pompilio et al. (2006) and Kurtz and Jarka (1968) would be problematic to interpret as 475 
deprivation state has been shown to enhance side biases (Talling et al., 2002) and was a serious 476 
impediment in previous studies by the authors (Buckley et al., 2011a, unpublished observations). 477 
Thus, the experiments in this paper aimed at the opposite approach: coupling stimulus with reward to 478 
maximise associative strength. However, this may have affected SDL development. Most of the 479 
previous studies that observed a SDL preference for the stimulus associated with high deprivation 480 
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used cues distal to the food reward. In other words, the cues used were linked in some way to 481 
appetitive behaviour rather than consummatory behaviour. For example, pecking keys (Gipson et al., 482 
2009; Pompilio and Kacelnik, 2005; Friedrich and Zentall, 2004; Marsh et al., 2004), positional cues 483 
(Aw et al., 2009; Kurtz and Jarka, 1968), colour cues (maze arms; Aw et al., 2009) or distance flown 484 
(Kacelnik and Marsh, 2002). SDL preferences for the reward associated with high deprivation have 485 
been identified when the cue is more closely linked with consummatory behaviour: by intrinsic 486 
characteristics of the food reward (e.g. scent, Pompilio et al., 2006; flavour, Capaldi et al., 1994; 487 
Capaldi et al., 1991). However, the opposite effect has also been observed with animals showing a 488 
preference for the reward associated with low deprivation (e.g. flavour, Capaldi et al., 1983; Capaldi 489 
and Myers, 1982) or no effect at all (e.g. flavour and artificial sweetners, Capaldi et al., 1994). This 490 
suggests that the phenomenon of SDL is neither as robust, nor the predicted direction of effect as clear 491 
cut, when using rewards in which the conditioned stimulus associated with state of deprivation is the 492 
actual reward consumed. 493 
   The timing of the food rewards (closeness in proximity to daily feeding; Capaldi and Myers, 1982) 494 
has been shown to affect the direction of the SDL preference. Food rewards given just before and 495 
after feeding result in conditioned preferences for the high deprivation food reward (Revuksy, 1967). 496 
By contrast, food rewards given at a longer time interval from the start and finish of daily food 497 
consumption condition a preference for the low deprivation food reward (Capaldi et al., 1983; Capaldi 498 
and Myers, 1982) although not always (Capaldi et al., 1991). In our experiments the low deprivation 499 
reward was given directly after AL. However, the high deprivation food reward was 6 – 7 hours after 500 
the last daily meal and was eaten 15 – 18 hours before the next daily meal. This may have affected the 501 
development of SDL preferences. Further, both the presentation and the quantity of the food reward 502 
demonstrably affect SDL preference presence and direction (Capaldi et al., 1991). Rats given 503 
unsweetened mash show a preference for the reward associated with high deprivation regardless of 504 
quantity of reward offered (1 g or 16 g per training session).  However, sweetening the mash with 505 
saccharin inhibited SDL preferences when the food reward was 16 g but not 1 g and increasing this 506 
artificial sweetness further inhibited SDL preferences with the smaller reward also. Further research is 507 
needed to quantify the effect of deprivation state on preference for different macronutrients and 508 
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energy density of food rewards to further understand the effect of deprivation state on SDL preference 509 
development (Capaldi et al., 1991) as these are likely to interact to influence both the development 510 
and direction of any SDL preference. 511 
6. Conclusions and recommendations for future research 512 
   In conclusion, there was limited evidence of an SDL preference regardless of whether food reward 513 
intake during training was matched or different between hunger states and this deserves further 514 
exploration. However, the literature suggests both the development and direction of SDL preferences 515 
is complex, nutrient and context specific when using a methodology in which the cue linked to 516 
deprivation state is also identical with the food reward. This additional complexity may limit the value 517 
of SDL methodologies similar to the one used here. Further research should concentrate on using 518 
distal, appetitive cues, and include more training trials prior to testing.  519 
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